THE ENZYMOLOGICAL DIAGNOSIS OF MYOCARDIAL INFARCTION
Acute transmural infarction of the myocardium is followed in the typical case by elevated levels of several enzymes in serum. Aldolase (Siegel and Bing, ATP: Creatine phosphotransferase 1956) , malate dehydrogenase (Wacker, Ulmer, and Vallee, 1956) , and lactate dehydrogenase (Wroblew-This enzyme was first reported to be raised after ski and La Due, 1955a) were among the earliest to be myocardial infarction by Dreyfus, Schapira, Resnais, employed for diagnostic purposes in this condition ; and Scebat (1960) . Confirmation soon followed the first two, however, have failed to win an estab- (Hughes, 1962; Colombo, Richterich, and Rossi, lished place in most laboratories, and the third is 1962), and the test was initially regarded as highly elevated in so many conditions that its diagnostic specific for infarction, raised levels being reported at value ill anyone is low. A fruitful approach to this that time only in patients with diseases of skeletal latter problem was opened up by the discovery of muscle (Okinaka et al., 1961) , of the central nervous multi-molecular forms of lactate dehydrogenase system (Vincent and Rapaport, 1965) , and of the separable by electrophoretic techniques and permit-thyroid gland (Graig and Ross, 1963) . Subsequently, ting dissection of abnormal activities into organ-a disquieting report called attention to raised CPK specific patterns characteristic of certain diseases. activity from time to time in many diseases, notably Myocardial infarction releases increased amounts of pulmonary disease, treated diabetic ketosis, and the fast-moving anionic forms of LDH from heart alcoholic intoxication Hardy, Dioso, 195 As a consequence of intense investigation between 1955 and 1965, the estimation of the activity of several enzymes in human serum has formed an increasing part of the work-load of hospital laboratories. These estimations find their widest application in the diagnosis of myocardial infarction and liver disease. Within these two fields, several are mandatory for even the smallest service laboratory. Others are of proven value in a limited number of circumstances. Some are favoured with the enthusiastic advocacy of their originators, but in reality add little to the judicious application of tests in the first two categories.
At first, it seemed that abnormal values for many of these tests were encountered in relatively few conditions, and a high degree of specificity was accorded such abnormalities. This position becomes more untenable with each passing year. Isolated abnormalities assume less significance; a profile of enzyme determinations becomes obligatory for accurate diagnosis; and the most careful attention to the clinical "details of the patient is necessary to avoid the many pitfalls that await the unwary. What follows is an attempt to present a balanced view based upon the literature, but supplemented where personal experience within a routine laboratory setting suggests that this view requires modification.
and Perkoff, 1966) . The list must now be extended to include tetanus (Mullan and Dubowitz, 1964) , acute schizophrenia (Meltzer, 1968) , and acute pancreatitis (Rinderknecht, Silverman, Haverback, and Geokas, 1970) in all of which elevations may reach astonishingly high proportions. It is unfortunate that much of the specificity previously attributed to enzyme determinations stemmed from their having been restricted initially to a handful of diseases in which one would, in any case, have expected to find many abnormal results.
Time course 0/ elevated enzyme activity
It is generally agreed that, in the uncomplicated case, serum enzyme activities increase sharply to a maximum between 24 and 48 h and thereafter decline to normal values (Nissen, Ranlev, and Weis-Fogh, 1965; Griffiths, 1966) . The maximum is reached most rapidly by CPK, which also declines most rapidly, this maximum exceeding the normal limit to an extent that is greater than with any other enzyme. The elevation of LDH activity occurs more slowly is less pronounced, but is of far longer duration: persisting in some cases for more than two weeks. The response shown by GOT and HBD to myocardial infarction is intermediate between the above two patterns, the latter being noteworthy in taking many days to return to normal values.
Should heart failure ensue, the fall in activity of GOT, LDH and, less certainly, HBD may be much delayed, and a steady increase in GPT activity-not uncommonly to values higher than those of GOTis usually seen. Re-infarction is frequently manifested by a fresh rise in enzyme activity, CPK being especially valuable in this context.
Personal observations
Using methods developed in this laboratory (Ellis and Goldberg, 1970; Hirst and Goldberg, 1970; Worthy, Whitehead, and Goldberg, 1970) , determinations of serum enzyme activities are routinely made on patients in whom myocardial infarction, with however little justification, is suspected by the clinicians. Blood is drawn on admission and 24 and 48 h after admission.
Of the first 560 cases examined in this way, 506 Bad at least one sample taken between 12 and 72 h from onset of symptoms and could be classified as (a) clinically and electrocardiographically positive, (b) clinically positive but lacking electrocardiographic evidence, or (c) clinically and electrocardiographically negative. Table 1 gives for each test the percentage of patients for whom that test gave an abnormal value --three enzymes were recent surgery, and cardiac arrythmias. Haemolysis of the sample was a frequent source of misleading GOT and HBD elevation. Although the latter two enzymes were raised in a high proportion of cases with intra-abdominal disease, these conditions did not give rise to elevated CPK in this series.
THE ENZYMOLOGICAL DIAGNOSIS OF LIVER DISEASE
The value of serum alkaline phosphatase in the differential diagnosis of liver disease has long been recognised. In the jaundiced patient, activities greater than 35 King-Armstrong Units/lOO ml are usually associated with intra-or extra-hepatic obstruction, whereas activities below 15 are more often encountered in parenchymal disease of the liver (Maclagan, 1947) . Recent reports indicate that serum 5'nucleotidase activity is a more reliable guide than alkaline phosphatase to the presence of certain liver diseases, notably cancer (Schwartz and Bodansky, 1965; Hill and Sammons, 1967; van der Slik, Persijn, Engelsman, and Riethorst, 1970) , but this could not be confirmed in the author's laboratory in two series employing different methods for 5' nucleotidase determination (Belfield and Goldberg, 1969a; 1969b) . The specificity of alkaline phosphatase for liver disease has been greatly enhanced by the introduction of simple techniques aimed at quantitating the contribution of enzymes from different tissues to the total alkaline phosphatase activity of serum based upon inhibition by I-phenylalanine (Fishman, Green, and Inglis, 1963) , by heat (Posen, Neale, and Clubb, 1965) , and by 3M urea (Horne, Cornish, and Posen, 1968 ).
The aminotransferases
A decisive advance in the application of enzyme determinations to the diagnosis of liver disease was made by Wroblewski and La Due (1955b; 1956a) who demonstrated that very high levels of the serum aminotransferases occurred during acute hepatitis. Activities start to rise during the prodromal illness and peak values coincide with the onset of clinical icterus. These return quite rapidly to normal unless the hepatitis fails to resolve; persistently raised values suggest an unfavourable prognosis and a high proportion of such cases will ultimately develop post-necrotic cirrhosis. Moderately high values are encountered in anicteric contacts of known hepatitis cases, and aminotransferase determinations are most useful in studying the epidemiology of the disease (Wroblewski and La Due, 1956b; Bodansky et al., 1959; Goldberg and Campbell, 1962) .
Elevated serum aminotransferase levels occur in 197 most types of hepato biliarydisease, since the tests are an index of biliary regurgitation as well as hepatic cell necrosis. However, normal values are not uncommon in portal cirrhosis when the patient is anicteric, even though histologically the disease may be fairly advanced. Apart from the various forms of pre-hepatic hyperbilirubinaemia, the jaundiced patient will almost invariably be found to have raised aminotransferase activities in his serum. If attention is devoted to the degree of elevation on the one hand and the activity ratio of the two aminotransferases on the other, a series of criteria can be formulated which serve as a general guide to the type of liver disease with which one is likely to be concerned, and its most probable mechanism. These points were succinctly summarised by Wroblewski (1958; 1959) in reviewing the early work of his group, but their relevance has been questioned as a consequence of the widespread use in diagnostic laboratories of simple colorimetric assays lacking the range, the sensitivity, and the precision of the spectrophotometric methods developed by the original workers in this field. Such methods, based on rate determinations, are in use in the author's laboratory (Ellis and Goldberg, 1970) , and the analysis of 200 consecutive cases of jaundice drawn at random (Table 3 ) strongly supports the position taken by Wroblewski. So too did an earlier personal series in which we used one of the few satisfactory colorimetric methods currently available (Goldberg, Fletcher, and Watts, 1966) . In brief, aminotransferase activities are between 10and 3D-times normal at the beginning of the icteric phase of acute hepatitis, and the activity of GPT usually exceeds that of GOT. By contrast, portal cirrhosis is associated with enzyme levels that may be normal if jaundice is absent, or slightly raised in the presence of jaundice; elevations are rarely more than 3-times normal, and the activity of GOT usually exceeds that of GPT. Raised aminotransferases occur in virtually all subjects with hepatobiliary obstruction, and the levels usually range from 2-to 8-times the normal level depending upon the degree of icterus. It is uncommon for the activity of GOT to exceed that of GPT when the obstruction is due to non-malignant disease. In a proportion of cases where the obstruction is due to tumour, GOT activity is the higher of the two, and in those cases manifesting hepatic metastases, the proportion reaches about half.
Other enzymes
The number of enzymological tests that have been applied in the diagnosis of liver disease is so large that only a few can be mentioned in this section. Two, leucine aminopeptidase and y-glutamyl transpeptidase (SzczekIik, Orlowski, and Szewczuk, 1961) are especially elevated in cases of hepatobiliary obstruction. The former was initially thought to be fairly specific for pancreatic neoplasm (Rutenburg, Goldbarg, and Pineda, 1958) but this was subsequently shown not to be so (Harkness, Roper, Durrant, and Miller, 1960) . The latter is secreted in high concentration by biliary epithelium (Naftalin, Child, Morley, and Smith, 1969) and the ratio of y-glutamyl transpeptidase to alkaline phosphatase has been suggested as a guide to the site of obstruction in the biliary tree, as more of the transpeptidase will be secreted and subsequently regurgitate to the bloodstream the lower is the site of obstruction.
Ornithine transcarbamoylase, an enzyme of the urea cycle, is present in high concentration in liver tissue and is released very rapidly during liver damage (Reichard, 1962) . Unfortunately, serum levels are raised in so many forms of liver disease that the test is of little advantage in distinguishing between them, and it is frequently normal in cirrhotics with normal aminotransferase activities (Goldberg et al., 1966) . These disadvantages also apply to isocitrate dehydrogenase (Watts, 1966; Goldberg et al., 1966) despite earlier reports that its activity in serum is usually normal in hepatobiliary obstruction but almost invariably raised in parenchymal disease of the liver (Bell, Shaldon, and Baron, 1962) . However, it is much more specific for liver disease than the aminotransferases and is somewhat more sensitive in detecting acute hepatic damage, especially that due to drugs (Watts and Griffiths, 1964) , alcohol (Goldberg and Watts, 1965) , and infectious mononucleosis (Dunnet, 1963) .
Serum adenosine deaminase activity was shown by the author to be raised in hepatic parenchymal disease, but is usually normal in extrahepatic obstruction (Goldberg, 1965; Goldberg et al., 1966) . He found elevated levels in a high proportion of patients with portal cirrhosis whose aminotransferase activities were normal. Although these observations have been confirmed (Raczynska, Jonas, and Krawczynski, 1966; Hankiewicz and Antes, 1968; Galanti and Giusti, 1968 ) the test is not widely performed at the present time. Two other enzymes which manifest raised serum activity in liver disease with a considerable degree of specificity are sorbitol dehydrogenase (Asada and Galambos, 1963) , and guanase (Knights, Whitehouse, Hue, and Santos, 1965; Coodley, 1968) . By contrast, pseudocholinesterase, which is normally present in fairly high concentration in serum, falls during parenchymal liver disease, whereas normal or somewhat elevated values are encountered in hepatobiliary obstruction (Burnett, 1960) .
CONCLUSIONS
Determination of alkaline phosphatase (supplemented if necessary by heat-stability analysis) and aminotransferase activities are obligatory in every case of suspected liver disease. Where the diagnosis is not then provided, a large number of enzyme tests may be performed without necessarily clarifying the case. The introduction of mathematical tecbniques such as discriminant function analysis, although hitherto unsuccessful (Fellingham and Mekel, 1966) , may be required to provide an objective evaluation of seemingly conflicting enzymological data in the problem case subjected to a battery of these investigations.
